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ABSTRACT 


The  second  quarterly  progress  report  for  the  research  and  development 
of  high-current  and  high-voltage,  silicon  controlled  rectifiers 
under  the  Navy  Department  Contract  Number  NObsr-87648,  Project 
Serial  Number  SP -013-11-05  of  30  June  1962,  covers  the  work  per¬ 
formed  on  Device  B  and  Device  of  the  subject  contract  during  the 
period  of  1  October  1962  through  31  December  1962.  The  status  of 
fabrication  of  Device  B  state-of-the-art  samples  Is  reported  herein; 
also  discussed  Is  the  progress  In  the  optimisation  of  parameters 
for  this  device.  A  program  for  a  computer  calculation  of  depletion 
region  width  of  a  p-n  Junction  Is  also  described.  The  developments 
In  the  design  of  Device  are  Included. 


PART  I 


1. 1  PURPOSE 

This  second  quarterly  progress  report  covers  the  effort  applied  to 
Project  Serial  Nuaber  SF-013>11-0S  during  the  period  of  1  October 
1962  through  31  Deceaber  1962.  The  purpose  of  this  program  Is  to 
design,  develop  and  produce  devices  capable  of  meeting  the  require¬ 
ments  specified  under  the  Navy  Departaent,  Bureau  of  Ships  Contract 
Nuaber  NObsr-87648,  "Research  and  Development  of  High-Current  and 
High-Voltage  Silicon  Controlled  Rectifiers".  The  progress  reported 
herein  Is  written  In  two  (2)  sections;  the  first  covers  Device  B 
and  the  other  section.  Device  C. 

2. 1  GENERAL  PACTUAL  DATA 


j.aentin.wi.qn  or  mrsonnei 

The  nasMS  of  engineers  and  engineering  technicians,  together  with 

a  suaeary  of  the  manhours  of  work  performed 

listed  below: 

(a) .  Device  B 

for  each  device,  are  < 

Technicians 

R.  Kennedy 

M.  C.  Brown 

R.  Kaaus 

K.  B.  Catchpole 

R.  H.  Werner 

M.  H.  Curtin 

J.  Kellaa 

M.  H.  Lindner 

J.  Mitroka 

E.  Roberts 

A.  L.  Salth 
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(b).  ^Y\.ct,C 


Eaelneers 

Technicians 

R.  L.  Davies 

A.  Bolger 

R.  Eokosa 

J.  Brunner 

R.  P.  Lyon 

J.  B.  Crooks 

8.  S.  Sheffraa 

J.  Klaball 

B.  Tuft 

M.  Yaworsky 

(e). 


1960 


3492 


■  Jlttotasi* 

(1).  Quarterly  Progress  Report,  “The  Resesrch  end  Develop- 

•ent  of  High  Current  end  High  Voltage  Silicon  Controlled 
Rectifiers",  for  the  period  30  June  1962  through  30 
Septeaber  1962.  Prepared  by  the  Rectifier  Coaponents 
Depsrtnent  of  the  General  Electric  Coaq>any  for  the 
Navy  Departaent,  Bureau  of  Ships,  Electronics  Divisions, 
Contract  Nuaber  N0bsr*87648,  Project  Serial  Nuaber 
SF.013-11-0S,  Contract  Date:  30  June  1962. 

2.1.3  Illustrations 

All  Illustrations  referenced  In  PART  I  of  this  quarterly  report 
are  appended  to  PART  111  of  this  report. 
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3.1  DBTAIL  FACTOAL  PilA 


3.1.1  D»Ytct  B 

3tkliL  ttt  Sttidii 

This  ••ctlon  of  th«  dotall  faetuol  date  covori  Davie*  B  which  ia 
baaically  a  1000  volt.  70  aapor*.  ailieon  controllod  raetifiar  in 
tha  JEDBC  Kagiatration  Muabar  Sariaa.  2M1909  -  2N1916.  Tha  daaign 
raquirad  ia  a  larga  araa  FMFN  atructura  with  a  vary  high  voltaga 
capability. 

To  obtain  tha  full  oparating  voltaga  thaoratieally  poaaibla  by 
davic*  daaign.  it  ia  naeaaaary  to  ovareoaa  aurfaea  fiald  af facta 
which  hava  liaitad  praaant  day  fVFN  davieaa  to  wall  balew  tha  1000 
volt  rating  daairad.  Thaaa  fiald  dapandant  affaeta  ara  a  function 
of  tha  groaa  iaparfaetlona  and  alaetrie  fiald  concantration  at  tha 
ailieon  aurfaeo'dialactrie  intarfaea.  and  liait  tha  voltaga  eapabil* 
itiaa  of  tha  davica  by  raaulting  in  aurfaea  avalancha  rathar  than 
a  thaoratieal  bulk  braahdawn.  Iha  uaa  af  a  proparly  eontourad 
aurfaea  will  diainiah  both  tha  iaparfaetlona  and  the  fiald  eon- 
eantration.  raaulting  ia  full  utiliaatioa  of  davica  capability 
and  alao  a  aera  atabla  davica  which  will  ba  fraa  of  daatructiva 
aurfaea  affaeta. 

A  aacond.  vary  iaportant  problaa  ia  in  iapurity  pracipitation  and 
aagragation  affaeta  in  tha  ailieon.  It  haa  bacoaa  of  aor*  aignifi- 
canca  aa  a  raault  of  tha  ability  to  auppraaa  aurfaea  avalancha. 

With  tha  attainaant  of  control  of  tha  aurfaea  fiald.  thia  problaa 
haa  bacoaa  doainant  and  ia  haaparing  the  optialaation  of  daaign 
paraaatara.  Thaaa  affaeta  occur  during  tha  diffuaion  and  alloying 
proeaaaaa.  and  ara  cauaing  aseaaaiva  ravaraa  laakaga  curranta  Which 
aaka  it  difficult  to  obtain  thaoratieal  bulk  breakdown  voltagaa. 
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Effort  Is  being  eoneontrstod  In  obtaining  a  solution  to  this  problasi 
so  that  production  of  hlgh*voltaga  dovlcas  Is  possible  with  reason¬ 
able  yields. 

A  third  problea,  and  one  that  Is  very  such  Inter-related  with  the 
other  two  problesui,  Is  the  choice  of  practical  device  geoaetry  and 
lapurlty  distributions  so  that  the  desired  breakdown  voltages  are 
obtained  without  seriously  affecting  other  device  characteristics. 

In  fact,  to  sMet  the  requlrsaents  of  the  contract,  one  paraaster 
—  turn-off  tlae  —  oust  be  Improved  over  the  present  standard 
device.  In  addition,  this  aust  be  done  within  a  package  that 
aeets  the  outline  of  the  JBDBC  Mo.  2N1909  -  2N1916  Series. 

3. 1.1. 2  Approach  to  the  Problea 

Refer  to  Figure  1,  PART  III,  for  Device  B  structure  and  contour 
design.  The  Initial  Junction  design  was  derived  by  consideration 
of  the  theoretical  bulk  breakdown  of  silicon,  and  the  resistivity 
and  geoaetry  required  to  obtain  bulk  avalanche  at  the  required 
voltage.  To  Insure  an  operating  voltage  of  1000  volts,  an  avalanche 
breakdown  voltage  was  chosen  between  1200  and  1300  volts.  The  base 
concentration  of  1.6  -  1.8x10^^  corresponding  to  this  breakdown 
voltage  was  obtained  free  Figure  6  -  Avalanche  Breakdown  In  FN 
Junctions,  found  In  FART  III  of  the  Quarterly  Progress  Report  for 
the  period  30  June  1962  through  30  Septeaiber  1962.  The  width  of 
the  M-reglon  of  Device  B  was  selected  so  that,  when  either  the 
reverse  or  forward  Junction  Is  biased  at  voltages  up  to  avalanche 
breakdown  voltages,  the  respective  depletion  regions  do  not  spread 
entirely  across  the  N-reglon  resulting  In  "punch- through"  break¬ 
down  and  poor  high  tesiporature  characteristics.  Ihe  barrier  spread 
corresponding  to  the  base  concentration  chosen  Is  4.5  alls  and  Is 
taken  frea  Figure  7  -  Barrier  Width  In  a  FM  Step  Junction  at  Ava¬ 
lanche  Bias,  of  the  Quarterly  Progress  Report  referred  to  above. 
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To  Insur*  operation  In  the  avalanche  region,  a  base  width  of  5.5 
mils  was  originally  chosen  (Refer  to  3.1, 1.3).  The  values  for  the 
P-reglon  thickness  and  surface  concentration  (3  mils  and  1x10  ) 
were  chosen  after  consideration  of  the  practicality  of  the  diffusion 
cycles  required,  the  resulting  effectiveness  of  the  contour  surface 
at  the  forward  Junction,  and  the  resulting  forward  voltage  drop  In 
the  conducting  state.  A  thick  P>reglon  Increases  the  effectiveness 
of  the  contour  but  requires  excessive  diffusion  cycles.  A  low, 
surface  concentration  enhances  the  effectiveness  of  the  contour 
but  Increases  the  forward  voltage  drop.  The  pellet  diameter  of  700 
mils  was  chosen  to  obtain  the  desired  average  forward  current  as 
determined  by  the  emitter  area  and  an  effective  surface  contour. 

In  order  to  dbtaln  bulk  avalanche,  as  opposed  to  surface  avalanche, 
and  stable  operation  at  these  high  voltages,  the  surface  field  should 
be  lowered  as  much  as  Is  practically  possible  below  the  bulk  field 
at  each  Junction.  This  Is  being  aceoaq>llahed  by  surface  contouring. 
The  most  successful  method  of  surface  contouring  Is  a  mechanical 
process  that  produces  a  bevel  at  the  edge  of  a  round  pellet  and  at 
a  specified  angle.  It  Is  relatively  easy  to  perform  this  process 
In  the  leboratory,  or  on  the  manufacturing  line,  and  Is  very  prae* 
tlcal  because  of  the  accurate  control  over  the  engle  or  angles 
required.  Since  the  peak  surface  field  along  the  contour  for  the 
forward  Junction  Is  higher  than  that  of  the  reverse  Junction,  this 
method  allows  the  use  of  an  optimum  angle  for  each  Individual  Junc¬ 
tion  via  a  double  bevel  (two-step  process)  without  unnecessary 
waste  of  the  pellet  diaswter.  Based  on  previous  experience  with 
surface  contouring,  a  small  angle  (from  the  plane  of  the  Junction) 
was  projected  as  being  required  to  lower  the  peak  surface  field  at 
the  forward  Junction  below  that  which  Is  considered  critical  for 
controlled-avalanche  type  devices.  Since  the  peak  surface  field 
along  the  contour  of  the  reverse  Junction  Is  lower  than  that  of  the 
forward  Junction,  a  higher  angle  can  be  used.  The  larger  angle  was 
chosen  because  It  was  necessary  to  resuiln  within  the  allowed  dlamster 
of  the  pellet. 
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To  Bom  oxtent  tho  poisoning  offoets  of  utwantod  iapurltios  in  tho 
silicon,  ss  avidsneod  by  tho  softonlng  of  blocking  voltogo  curront 
choroctaristlcs,  has  boon  kapt  undar  control  by  caraful  control  of 
processing  tachniquas  and  caraful  claanlng  of  parts,  fixtures  and 
oven  used  during  diffusion  and  alloying,  and  by  proper  gas  control 
during  thasa  operations.  This  problaai  has  occurred  often  enough  to 
haapar  the  optimization  of  soma  parameters  of  this  device.  The 
problem  is  being  approached  in  parallel  studies  to  either  eliminate 
the  introduction  of  these  impurities  into  the  device  by  alterations 
in  the  processing  techniques,  or  to  find  a  method  of  resioving  the 
impurities  Xauch  as  impurity  getterlng  or  precipitation  in  a 
harmless  form). 

In  order  to  ewet  the  requirements  of  som  parameters  such  as,  voltage 
rate  of  rise,  and  tum*off  tism,  close  control  of  lifetime  is  required 
by  means  of  gold  diffusion.  This  must  be  done  without  seriously 
impairing  high«current  forward  drop,  turn>on  time,  and  trigger 
currents.  A  lifetime  level  oust  be  established  to  maintain  the 
proper  balance  of  the  device  parameters  affected. 

3. 1.1.3  Optimization  of  Deslan  Parameters 

The  optimiretion  of  the  base  resistivity  and  device  geoswtry  to 
obtain  the  desired  operating  voltage  has  resulted  in  the  choice  of 
a  adninum  base  resistivity  of  40  ohm-cm.  Specifications  for  the 
purchase  or  growth  of  the  necessary  N-type  silicon  have  been  set 
at  adnimum  practical  limits  of  40  -  50  ohm-cm.  Data  from  the 
coaiputer  program  for  calculation  of  barrier  apreeding  (This  will 
be  discussed  in  section  3. 1. 2  Device  C  of  this  report. )  indicated 
that  a  base  width  of  5  ad.ls  is  necessary  to  prevent  "punch- through" 
at  these  resistivities.  Tho  ml  num  for  the  base  width  was  reset 
at  6.5  adls  idiich  includes  an  allowance  of  1.5  adls  to  adnimize 
elevated  temperature  leakage  currents  caused  by  transistor  action. 
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Results  froB  the  coeipleted  coeputer  study  on  Junction  contouring 
(es  discussed  In  Section  3.1.2  •  Device  C  of  First  Querterly 
Progress  Report)  showed  that  the  peak  surface  field  along  the 
contour  at  the  forward  junction  Is  srlnlalsed  with  the  use  of  an 
angle  sowewhat  larger  then  that  originally  projected.  To  optlalse 
the  effect  of  the  beveled  contour,  the  angle  across  the  forward 
junction  was  changed  to  the  larger  velue.  The  saving  on  the 
diaaeter  as  a  result  of  this  change  was  used  to  advantage  In 
changing  the  angle  of  the  bevel  across  the  reverse  junction  to 
a  saaller  angle.  Losses  by  chipping  of  the  edge  of  the  silicon 
pellet  are  dlwlnlahed  at  the  lower  angle.  This  loss  Is  also 
■InlsUzed  by  using  a  pellet  cutting  technique  which  gives  a 
tolerable  square  edge  to  the  pellet,  and  by  using  an  extresMly 
thin  layer  of  aluednua  as  the  contact  aaterlal  between  the  pellet 
and  the  bottoai  contact  plate. 

The  base  llfetlae  level  to  aset  all  paraaeter  requlreaents  has 
not  been  established.  Results  to  date  Indicate  that  llfetlsa 
control  Is  needed  to  aeet  the  turn»off  tlae  specification,  but  not 
the  dv/dt  specification.  The  hlgh-current  forward  voltage  drop  Is 
being  affected  aore  seriously  than  the  trigger  current.  Soae  of  the 
forward  voltage  drop  Increase  aay  be  a  result  of  the  lapurlty  problea 
discussed  above. 

3. 1.1.4  State-Of-The-Art  Saaole  Fabrication 

Junction  asseably  coaponents  have  been  dislgned,  procured  and  used 
for  the  Initial  (state>of-the-art)  design  saaples.  The  Initial 
geosMtry  and  contour  of  the  junction  structure  have  been  aodlfled 
as  Inforaatlon  has  been  obtained  during  optladsatlon  of  design 
parasMters.  Mo  change  In  coaponents  was  necessary,  but  sosm  aodl* 
flcatlons  to  the  original  fixtures,  tools  and  jigs  were  aade  as  a 
result  of  the  device  changes.  Saaples  were  prepared  representing 
the  state-of«the«art  at  this  tlaa,  and  are  being  electrically 
evaluated  for  delivery  es  scheduled. 
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3.1.2  DtvlM  C 


3.U2.1  JMactlOB  Work 

In  order  to  ovnlunto  the  offoctivonoss  of  the  surface  contour  on 
both  the  VBO  and  PRV  Junetiona  of  Device  C,  a  group  of  FNP  pellets 
were  galllusi  diffused.  These  structures  had  a  surface  concentration 
of  1x10^^,  a  ^  diffusion  depth  of  4  alls,  base  resistivity  of  40  • 

45  oha-cai,  and  a  base  width  of  6.5  sdls.  The  pellet  dlaawter  was 
cosq>atlble  with  the  required  current  rating  for  Device  C. 

The  method  for  surface  contouring  was  a  sMchanlcal  process  that 
applied  a  bevel  at  the  edge  of  a  round  pellet  and  at  a  saall  angle 
extending  slightly  beyond  the  PRV  junction. 

Electrical  evaluation  confirmed  that  the  peak  field  existing  along 
the  surface  of  a  reverse*blased  junction  was  reduced,  and  that 
theoretical  avalanche  voltage  breakdown  was  observed  on  both  the 
VBO  and  PRV  junctions. 

It  becaaw  evident  while  working  with  these  structures  that  future 
work  with  a  single  bevel  would  not  be  practical,  and  a  double  bevel 
consisting  of  a  ssutll  angle  and  a  larger  angle  would  be  required 
to  conserve  silicon. 

In  the  change  from  the  single  bevel  to  the  double  bevel,  a  fracturing 
problem  was  encountered.  While  beveling  the  larger  aiyle,  aevere 
fracturing  of  the  pellet  edge  occurred.  It  was  then  necessary  to 
change  the  pelletising  process  to  one  that  insured  a  90**  angle  at 
the  bottom  of  the  pellet  edge.  There  was  more  back-up  support  at 
the  periphery  of  the  silicon  pellet  by  using  this  straight  edge 
process  of  pelletising;  thus  elladnatlng  the  fracturing  probleau 
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Prcllainary  •valuation  of  four  (4)  diffusion  runs  indicata  a  greatly 
raduead  peak  alactric  field  on  the  VBO  Junction  surface.  In  all  but 
one  diffusion  run,  thaoratical  avalanche  voltage  braakdom  was 
observed  on  both  the  VBO  and  PRV  Junctions.  This  one  diffusion  run 
indicated  a  "punch* through"  due  to  a  narrow  base  width. 

In  attaching  back-up  plates  to  these  all-diffused  structures,  a 
thin  layer  of  aluainun  was  used  as  the  suninting  solder  for  both 
the  PRV  and  VBO  sides.  Fixtures  for  the  precise  placement  of  the 
alusd.nuai  with  respect  to  the  esdtter  were  designed  and  built.  This 
precise  placeaent  is  a  requiresMnt  for  effective  esditer  shorting. 

3. 1. 2. 2  Surface  Contour  end  Geoaetrv  Work 

The  three  surface  contours  proposed  in  the  First  Quarterly  Progress 
Report  for  this  Bu  Ships  Project  were  tried.  As  was  hoped,  all  three 
contours  gave  high-voltage  characteristics.  However,  a  design  very 
siailar  to  that  depicted  in  Figure  S  of  the  above  report  was  deter- 
ainad  to  be  the  best  at  this  tiae.  Hinor  changes  in  the  paraaeters 
of  this  design  becaae  necessary  for  overall  process  coapatibility. 

Values  of  resistivity  between  40  and  50  oha-ca  give  1400  to  1500 
volts  avalanche.  The  surface  concentrations  shown  are  coapatible 
with  the  double-diffusion  process  developed  by  the  Rectifier  Cea- 
poaents  Departsant  for  an  all-diffused,  silicon-controlled  recti¬ 
fier.  The  coapleted  pellet  yields  the  voltage  capability  indicated 
in  Figure  2  (FART  III  of  this  report).  The  forward  drop  of  these 
devices  at  1500  esveres  was  approxisately  2.5  volts.  The  gate 
sensitivity,  depending  upon  the  type  of  ealtter  shorts  used, 
was  50  to  300  ailliesveres. 

The  high-teaperature,  VBO  blocking  characteristic  on  soaa  devices 
was  sisdlar  to  that  indicated  by  the  dashed  curve  in  Figure  2  of 
this  report.  The  reason  for  the  high  current  in  this  direction  was 
found  to  be  due  to  poor  ealtter  shorting  at  the  periphery  of  the 
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Miltecr.  A  fultabltt  Mthod  of  chorcing  the  mlttor  poripliory  while 
■eintalaiiig  a  good  gate  aanaitivlcy  la  being  worked  out. 

2JLT?t?  -CtjctflaUga 

During  the  fabrication  of  a  FNP  (or  NPN)  structure  by  deep  diffusion, 
the  diffusion  "tails"  frcei  both  sides  of  the  wafer  cause  condensation 
of  la^rltles  In  the  base  as  shown  In  Figures  3a  and  3b  of  this 
report.  If  the  Junction,  Is  reverse^blased  and  It  Is  desired 
to  calculate  the  width  of  the  depletion  region  for  applied  voltages 
near  that  of  "punch-through",  the  assunptlon  of  a  step-function 
l^urlty  distribution  Is  no  longer  valid.  As  a  result,  a  General 
Electric  225  Cenputer  was  prograaed  to  calculate  the  depletion 
region  width  for  any  Isqmrlty  distribution. 

The  voltage  distribution  In  the  depletion  region  of  a  reverse-biased, 
FN  junction  Is  described  by  Poisson's  Equetlon,  as  follows 

where,  t|(x)  ■  *■  N^).  It  will  be  assuaed  that  the  voltage 

distribution  across  the  junction  la  question  Is  unaffected  by 
surface  conditions.  The  boundary  condition  of  this  problen  Is  that, 
at  the  edges  of  the  depletion  region,  the  electric  field  Intensity 
aust  be  zero  (0).  Since  the  PMP  structure  Is  fabricated  by  galllua 
diffusion  Into  a  wafer  of  constant  resistivity,  the  donor  concen¬ 
tration,  Nj,  Is  a  constant  with  respect  to  x  and  the  acceptor  con¬ 
centration,  Is  specified  by  a  conplenentary  error  function 
diffusion  froa  both  sides  of  the  wefer,  so  that 

(Hd  -  [otC(  TljJpr-)  +  EWC(  (2) 

Thus,  froa  the  fom  of  Equation  (2),  It  Is  shown  that  Equation  (1) 

Is  Intractable  In  closed  fom  and  that  the  solution  to  £  aust 
be  found  by  nuaerlcal  saans. 


10 


Assum  that  a  ona>dlaanaional  array  of  nodas  is  across  the  FNP  wafer 
In  the  X  direction,  then  froa  Appendix  A  (PART  III,  this  report) 
the  finite  difference  approxlaation  to  Poisson's  Equation  at  the 
n^^  node  becoaas 


n-l 


+  V 


n+1 


2V  + 


1j(n) 


-  0. 


(3) 


Proa  this  equation  we  define  the  residual  at  the  n 


th 


node  as 


R 

n 


n-l 


+  V 


n+1 


„  +  hj  •>)(«) 

n 


(4) 


With  this  equation,  the  solution  to  Poisson's  Equation  aay  be 
approxlaated  at  each  node  point  by  dasandlng  that  R^  be  less  than 
(f ,  where  S  la  sobm  saall  voltage  which  causes  the  assuaed  voltage 
distribution  to  converge  to  a  voltage  distribution  which  Is  a 
solution  to  Poisson's  Equation. 


The  coaputer  program  for  this  problem  Is  described,  briefly,  by  the 
flow  chart  of  Figure  6  (PART  III).  Further  explanation  of  the 
Input  data  and  of  the  calculation  of  the  voltage  distribution 
would  be  advantageous  to  the  understanding  of  the  program.  This 
Input  data  consists  of  the  wafer  thickness,  the  nuaber  of  nodes  to 
be  used,  the  applied  voltage,  and  twenty  (20)  values  of  (N^  •  N^) 
with  their  corresponding  positions  within  the  wafer. 


In  order  to  elapllfy  the  prograasdng  of  Equation  (4),  a  noraallsed 

voltage  of  1000  was  used.  The  noraallsed  voltage,  V^,  at  the 

n***  node  Is  defined  as  V„  -  aV_,  where  a  ■  1000/V  Thus, 

-■  n  n  epp 

Equation  (4)  becoews 


I 


I  I 

n- 1  n+1 


2V  + 
n 


'??(n) 

e 


(5) 


2 

Now,  the  tera  ■  ***n  It  defined  as  a  noraallsed  density 

and  contains  the  Input  Sata  of  Equation  (5).  Thus,  Equation  (5) 
becosas 
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(6) 


II  I  II 

R  -  V  ,+V^--2V  +  p 
n  nrl  n+1  n 


4 

Although  th«  function  (n>  nay  vary  by  a  factor  of  10  ,  deponding 
upon  its  position  within  the  wafer,  the  function  varies  by  a 
factor  of  less  than  This  is  due  to  the  fact  that  the  table  of 
node  spacings  is  chosen  in  such  a  wanner  that,  as  the  impurity 
density  decreases  by  a  factor  of  the  node  spacing  increases  by 
a  factor  of  JH,  and  vice-versa. 


The  calculation  of  the  true  voltage  distribution  across  the  Junction 

begins  with  the  assignement  of  a  nomwlised  voltage  to  each  node. 

Unless  a  better  voltage  distribution  is  known,  a  linear  voltage 

distribution  is  assigned.  After  this  is  done,  each  node  is  tested 

in  the  following  nannert  the  electric  field,  E^,  at  the  node  is 

calculated  and  compared  to  a  small  test  field,  E  .  If  E  i  E  ,  then 

o  no 

the  node  is  outside  of  the  space  charge  region  and  the  voltage  at 
that  node  is  sat  to  either  sero  (0)  or  1000  depending  upon  which 
side  of  the  Junction  the  node  is  located.  If  E^>  E^,  the  residual, 

R^,  is  calculatdd.  If  |r^  ^  |<f  I  *  then  the  voltage  at  the  node  is 
left  unchanged.  If  |Ag|  >  £\  »  than  a  factor  of  R^/2  is  algebraically 
added  to  the  voltage  of  the  node  in  question.  If  the  voltage  at  any 
node  is  changed  during  this  process  then  the  voltages  of  adjacent 
nodes  are  tagged,  which  means  that  their  voltages  must  be  retested. 
This  continues  until  the  calculated  voltege  distribution  is  one 
which  satisfies  Poisson's  Equation  within  the  limits  of  the  test 
parameters,  E^  and  (f*  .  It  should  be  noted  that  some  nodes  do 
esist  which  have  node  spacings  on  either  side  which  are  not  equal. 

In  this  case,  the  finite  difference  appremimation  to  Poisson's 
Equation  is  not  valid  and  a  further  approximation  is  necessary. 


Design  parameters  for  both  Device  B  and  C  were  inserted  into  this 
program.  Both  of  the  devices  use  a  base  resistivity  range  of  40  to 
50  ofam-cm,  and  a  gallium  surface  concentration  of  approxiamtely 
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17  3 

1.10  at<Mu/ea  .  Uclag  this  data  in  conjunction  with  Equation  (2), 
tha  twenty  (20)  input  impurity  density  points  wore  calculated  for 
various  wafer  widths,  W,  and  Inserted  Into  the  computer  progrem.  The 
results  are  shown  in  Figures  4  and  5  for  base  resistivities  of  40  to 
SO  ohm>em  and  for  applied  voltages  of  1200  and  1500  volts.  These 
curves  Indicate  how  far  the  depletion  region  spreads  into  N<*type 
base  as  a  function  of  the  base  width. 

With  reference  to  Figure  S  It  is  seen  that  "punch- through"  Is 
greater  In  PNP  structures  by  an  Increase  In  base  resistivity  (l.e. , 
the  effect  of  diffused  compensation  upon  "punch- through"  is 
greater  for  high  resistivity  bases).  The  curves,  Figures  4  and  5, 
show  that  tha  maxlsaim  effect  of  diffused  compensation  upon  the  depletion 
region  spreading  is  restricted  to  approxlauitely  0.4  sdls  In  the 
devices  under  consideration.  Therefore,  If  the  simple  spreading 
curve  as  shown  In  the  First  Quarterly  Report  is  used,  an  additional 
0.4  mils  snist  be  added  wh«i  determining  the  barrier  width.  Previous 
estimates  of  this  factor  varied  from  0.25  to  >  1  all  because  of  the 
high  resistivities  Involved. 

A  complete  list  of  symbols  as  used  In  this  analysis  Is  Included 
In  Appendix  A,  PART  III  of  this  report. 

3. 1.2.4  Hlah-Voltaae  and.  Hlah-Current  dV/dt  Test  Equipment 
Construction  of  the  high-voltage,  dV/dt  test  equlpawnt  Is  being 
continued.  All  parts  have  been  obtained  so  that  no  further  delay 
In  Its  construction  Is  expected. 

3.1.3  Praloet  P.rf^rpyne*  S«.^|edule  Chart 

An  up-to-date  project  performance  and  schedule  chart  for  the  period 
covered  by  this  report  on  Project  Serial  No.  SF-013-11-05  will  be 
found  on  the  following  page. 
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PART  ZI 


A.  1  PROGRAM  FOR  THE  MPCT  QUARTER 

ii  It  V  fitYltt  P 

Optimisation  of  tho  roaslnlng  design  porsastors  vlll  bo  complotod 
with  omphstls  on  obtaining  and  maintaining  an  optimum  lifotlma. 
Stata-of 'tha-art  samplas  will  bo  avalnata  d  and  dalivarad.  Fabrication 
and  avaluatlon  of  final  design  units  will  occupy  most  of  tha  effort 
during  tha  next  quarter. 

Further  mork  In  diffusion  and  contacts  will  proceed.  Emphasis  will 
be  placed  upon  shorted  emitter  design  and  upon  measuresant  of  other 
paramsters  such  as,  turn-off  time,  forward  drop,  and  dV/dt.  Further 
modification  of  the  structure  may  be  necessary  to  enable  optimisation 
of  the  above  parameters. 
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DsTice  B  structure  and  contour  design 


Figure  2  -  Device  C  charecteristlce 
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Figure  3e  •>  Deylce  cross  section 


Figure  3b  *  Impurity  distribution 
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Figure  6  -  Flow  chart  of  barrier  width  program 
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APPBIDZX  A 


fliriTg  PIWBBBUCB  APPaMCIMATIOW  TO  POISSON'S  EOUiTION 
la  OB*  dlMiiaion  Polsaoa'a  Sqiutioa  states  that 

^-0. 

Parfonslng  a  Taylor  sarlas  aspansion  around  tha  point  on  tha 
above  aquation  results  In 


Consider  tha  point  as  a  node  In  a  ona>dlnanslonal  systaa  of 
nodes  spaced  h  distance  apart  as  Indicated  below: 


Then,  by  writing  Equation  (A2)  for  the  points  xm^  and  It  Is 

found  that 


V 

o 


2*  V 


+ 


•ad, 


Addition  of  tho  abova  oquatlont  raaulta  in 

V,  +  V-  -  2V  +  )  I  +  0(hS. 

1  2  o  '^2  '  lx“x^ 

Tharafora,  for  a  vary  mall  noda  spacing 

A  -  V,  +  V,  -  2V 
a**  ^  *  ® 

And  by  substituting  Equation  (A3)  Into  Equation  (Al), 
Equation  bacoaaa 

2 

V,  +  V,  -  2V  ♦  ..mg)  •  0. 

1  z  o  c 


(A3) 

Polsaon*  a 

(AA) 
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SYHBOL  LIST  C|>LCmfmOM  Of  DgLETIOM  REGION  WIDTO 


V  -  -  Voltag*  at  a  point  j  In  tha  voltage  distribution. 

V  ■  Applied  voltage  across  the  Junction, 
app 

Nd  ■  ^d(x)  *  Concentration  of  donor  iapuritles  (at  point  x). 

■  ^a(x)  *  Concentration  of  acceptor  iapurities  (at  point  x). 
q  ■  Electronic  charge. 


e  ■  Dielectric  penaittivity. 

7j  (x)  ■  Net  fixed  charge  density  at  a  point  2. 

h  ■  Node  spacing  between  the  n^^  and  (n  -  1)^^  nodes, 
n 

1](n)  ■  Net  fixed  charge  density  at  the  n^^  node. 

-  Voltage  at  the  n^  node. 

■  Residual  of  Poisson's  Equation  at  the  n^^  node. 


R  ■  Nonulised  version  of  R  . 
n  n 

V  ■  Noraalised  version  of  V  . 
n  n 

E^  ■  Electric  field  inteneity  at  the  n^^  node. 

E  ■  Test  value  of  electric  field  intensity  for  computer  program, 
o 

(T  ■  Test  value  of  noroalised  voltage  for  pomputer  program. 

W  ■  Width  of  wafer. 

C^  ■  Surface  concentration  of  diffusing  impurity. 

D  ■  Diffusion  constant  of  diffusing  impurity, 
t  ■  Diffusion  tism. 


ERFC  ■  Compleswntary  error  function. 
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